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DescriptI n 

The present invention concerns protease inhibitors, particularly metalloprotease inhibitors, for use in treating tissue 
destructive diseases such as multiple sclerosis, optic neuritis, arthritis and the like and for use in treating cancer; a DNA 
5 construct for the expression of the metalloprotease. gelatinase B; and also concerns a process for measuring proteases 
and/or protease inhibitors. 

Demyelination as observed in multiple sclerosis (MS) and experimental allergic encephalomyelitis (EAE) is an 
enzymatic process. 

The enzymes, matrix metaltoproteases, play a major role in extracellular matrix remodelling and are found in ele- 
10 vated amounts in the body fluids of patients with tissue destructive diseases such as arthritis (1 .2). periodontitis (3), 
multiple sclerosis (4,5) and others (6). 

Gelatinases are mammsUian matrix metalloproteases which have been implicated as important mediators in phys- 
iological and pathological tissue remodelling including tumor invasion and metastasis (29; 38) and autoimmune dis- 
eases (26). The production and activity of these proteolytic enzymes are strlctiy controlled at several preand 
IS posttranscrlptional levels. The latter include specific activation by a "cysteine switch** mechanism and Inhibition by spe- 
cific protease inhibitors, tiie tissue Inhibitors of metalloproteases (TIMP) (6, 39). In humans, two different gelatinases. 
designated gelatinase A (72 kDa gelatinase) and gelatinase B (92 kDa gelatinase). have been described (40. 41. 7). 

Gelatinase B (matrix metalloprotease-9, 90kDa) is a marker enzyme for acute and chronic inflammatory diseases 
including MS. 

20 In contrast to the constitutive presence of gelatinase A (matrix metalloprotease-2, 70kDa). gelatinase B Is found in 
the cerebrospinal fluid of patients with optic neuritis. MS or other inflammatory neurological diseases, but not in those 
of controls. In patients with multiple sclerosis the ratio of gelatinase 6 over gelatinase A is significantiy correlated with 
the IgG index, the pathognomonic latx)ratory test for MS (9). In addition, gelatinase B has been shown to cleave myelin 
basic protein of human and otiier origin into fragments which correspond to encephailtogenic peptides In animal model 

25 systems and to the autoantlgens against which specific T-cells are directed (10). Pathophysiological ly, gelatinase B is 
produced in a regulated way by Inflammatory cells. For instance the CXC chemokines IL-8 and GCP-2 stimulate neu- 
trophils to produce gelatinase B and this might contribute to the histological picture in acute EAE (10,1 1). lL-1 and IL-2 
induce the production of gelatinase B in monocytes and lymphocytes, respectively, and the former cell type can also be 
triggered by C-C chemokines to produce this enzyme. This might contribute to the enzymatic demyelination observed 

30 in MS (12). 

Since there Is evidence that enzymes, particularly proteases and more particularly metalloproteases are implicated 
with tissue destructive diseases and invasion and metastasis of cancer cells, inhibitors for these enzymes are sought 
after. 

According to a first aspect, the present invention provides protease inhik^itors. particularly metalloprotease inhibl- 
35 tors for use In treating tissue destructive diseases such as multiple sclerosis, optic neuritis, arthritis and the like. 

According to a second aspect, the present Invention provides protease inhibitors, particularly metalloprotease 
inhibitors for use in treating cancer. 

The mechanism by which inhibitors affect matrix metalloprotease activity is not yet known. It has been suggested 
that the Inhibition is linked to the ability to bind divalent ions such as Ca^"^ and to interact with the catalytic Zn. Botii 
40 mechanisms are essential for the activity of collagenase and gelatinase. Other evidence suggests that Inhibitors can 
interact with cellular processes such as migration, degranulatlon and the synthesis of oxygen radicals. 

D-penidllamine is currentiy used as an antirheumatic drug. Its mechanism of action was previously not known. The 
inventors have discovered that it inhibits gelatinase B and provide its mechanism of action. 

Tetracyclines are widely therapeutically used as antimicrobial agents In all areas of medicine. However, tetracy- 
45 dines also have important non-antimicrobial properties, which can influence the host response. Thus, tetracyclines 
have been shown to inhibit the activity of the matrix metalloproteases. collagenase and gelatinase both in vivo (19) and 
in vitro (20). The latter enzymes play a major role in extracellular matrix remodelling and are found in elevated amounts 
in the body fluids of patients with tissue destructive diseases such as arthritis (1 ,2), periodontitis (3). multiple sclerosis 
(4.5) and otiiers (6). 

50 The mechanism by which tetracyclines affect matrix metalloprotease activity is not yet known. It has been sug- 
gested that the inhibition is linked to tiie ability of tetracyclines to bind divalent ions such as Ca^-h and to interact with 
the catalytic Zn. Both mechanisms are essential for tiie activity of collagenase and gelatinase (21). 

Other evidence suggests that tetracyclines can Interact with cellular processes such as migration, degranulation 
and the synthesis of oxygen radicals (22). The matrix metalloprotease-inhlbitory action of tetracyclines has become of 
55 such interest that tetracycline derivatives are being developed which have lost their antimicrobial properties altogether 
but retain their anti-matrix metalloprotease activities (23.24). These are of potential use in the aforementioned chronic 
inflammatory diseases. 

The inventors have also defined macromolecular protease inhibitors. 
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Considering the metalloprotease inhibitors, these are preferably selected from the group consisting essentially of 
D-penicillamlne. tetracyclines and derivatives therof and macromolecular corrpounds such as sera, antibodies, frag- 
ments and modified versions thereof which are directed against proteases. 
These inhibitors yield optimum results in inhibiting proteases. 

5 Matrix metalloproteases can also be inhibited by antibodies and derivatives thereof. The invention also provides 
polyclonal and monoclonal antibodies which are inhibitory. 

Monoclonal antibodies were generated from mouse hybridomas. These were obtained by fusion of spleen cells 
from mice (. immunized with the human gelatinase B from neutrophils,) with a myeloma cell line. The resulting cultures 
were expanded and individual clones were selected by various methods. These included an ELISA method using as 

10 control reagents, the aforementioned purified gelatinase B and the polyclonal antisera from rabbits and mice. Another 
screening technique consisted in western blot analysis of purified gelatinase B and fragments thereof with the individual 
monoclonal antisera. With these two techniques several different monoclonals which bound gelatinase B were identi- 
fied. To define the monoclonal antibodies which could inhibit the enzymatic activity of gelatinase B, hereafter called 
inhibitory monoclonal antibodies, we used the test system for gelatinase B inhibitors as claimed and an additional 

IS enzyme inhibition assay The latter consisted in inhibition of gelatinase B activity as assayed by electrophoresis of 
cleaved gelatin fragments after digestion with a known amount of gelatinase B and increasing amounts of the inhibitory 
antibody to be tested. 

Considering the proteases to be inhibited, these preferak)ly belong to the group consisting essentially of gelati- 
nases. plasminogen activators and processing proteases which are thought to be inrplicated in tissue destructive dis- 
20 eases and cancer. 

Studies on the in vivo role of matrix metalloprotease and their specific inhibitors often have to rely on animal model 
systems for human diseases, for example mouse models for rheumatoid arthritis or cancer. In view of discrepancies in 
the published sequences of mouse gelatinase B (42, 43, 44, 45) and of the low production yields of gelatinase B glyco- 
forms from cultured mouse cell lines (43). the inventors have expressed recombinant mouse gelatinase B in heterolo- 

25 gous mammalian cells. In addition, the recombinant enzyme was purified to homogeneity by a single step procedure. 
The recombinant gelatinase B and derivatives, thus generated and generated by other expression systems in an unlim- 
ited amount is thus available for in vitro and in vivo testing and is defined by this primary sequence. 

The amino acid sequence of the mouse gelatinase B was described in the publication "Mouse gelatinase B: cDNA 
cloning, regulation of expression and glycosylation in WEHI-3 macrophages and gene organisation", S. Masure; G. 

30 Nys. R Fiten, J. Van Damme, G. Opdenakker (1993) (43) and is as follows: 
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gONA TTACCCACAACCTGCCGTCCTCACCATGAGTCCCTCGCAGCCCCTGCTCCTGGCTCTCCTCGCTTTCCCCTCCACCTCTGCTCCCCCTTACCAGCCCCAG 100 

AAgONA MSPWOPLtLALLAFCCSSAAPTORO 25 

gOMA CCCACTTTTGTGGTCTTCCCCAAACACCTGAAAACCTCCAACCTCACGGACACCCACarTGGCACAGGCATACTTGlACCGCTATGGTTACACCCCGGCCG 200 

AAgONA PTFVVFPKDLKTS NUT OTOLAEAYLYRYGYTRA 58 

gONA CCCAGATGATGGGAGAGAAGCAGTCTCTACGCCCGCCTTTGCTCATGCTTCACAAGCAGCTCTCCCTGCCCCAGACTGGTCA6CT6GACAGCCAGACACT 3O0 

AAgONA AQMHGEKOSLRPALLMLOKOLSLPQTGELOSQTL 92 

gONA AAAOiCCATrCGAACACCACGCTGTGGTGTCCCAGACGTGGGTCGATTCCAAACCTTCAAAGGCCrCAAGTGGGACCATCATAACATC^^ 400 

AAgONA K A I R T PaCGVPDV GRFQTFKGLKWOHH H I T Y U I 125 

^MA CAAAACTACTCTGAA(»CTT''^^^*^'^*^"'^^^'^T***^**C*^^^"^^*^^^CCTTCCCGGTGTCGGCCWeG 500 



SI 



CONA 

1Q AAgONA Q H Y S E D L 



^ PROHIODAFARAFAVUGEVAPLTFTR 15S 

gDNA TGTACGGACCCGAACCGGACATTGTCATCCAGTTTGGTGTCGCCCAGCACGGAGACCGGTATCCCTTCGACCGCAAGGACGGCCTTCTGCCACACGCCTT 6O0 



gDN 
AAcONA 
AAgONA 



VYGPEADIVIQFGVAEHGOGYPFOGKOGLLAHAF 192 



^JJJ{ TCCCCCTGGCGCCGGCGTTCAGGGACAT6CCCATTTC6ACGACGACCAGTTGTGGTCGCTGGGCAAACGC6TCGTGATCCCCACTTACTATGGAAAC 700 



gON, 

AAcONA 
AAgONA 



PPCAGV0G0AHFDDDELWSL6K6VVIPTYYGNS 225 



15 AATGGTGCCCCATGTCACTTTCCCTTCACCTTCGACGGACGCTCCTATTCGGCCTGCACCACAGACGGCCGCAACGACGGCACGCCTTGGTGTAGCACAA 800 

AA^NA NGAPCHFPFTFEGRSYSACTTDGRNDGTPUCST 258 
CAGCTCACTACGATAACGACGGCAAATTTGGTTTCTGCCCTAGTGACAGACTCTACACGGAGCACGGCAACGGAGAAGGCAAACCCTGTGTGTTC^ 900 



gOM 

AAcONA 
AAgONA 



TAOYDKOGKFGFCPSERLYTEHGNGEGICPCVFPP 292 



gDl„ 

20 AAcONA 
AAgONA 



^Jl^ CATCTTTGAGGGCCGCTCCTACTCTCCCTGCACCACTAAAGGCCGCTCGGATGGTTACCGCTGGTGCGCCACCACACCCAACTATGACCAGG^ 1 000 



IFEGRSYSACTTKGRSDGYRUCATTANYDQO<L 32S 



gDNA TATGGCTTCTGCCCTACCCGAGTGGACGCGACCGTAGTTGGGGGCAACTCGGCAGGAGAGCTGTGCGTCTTCCCCTTCGTCnCCTGGGCAAGC^ 1 100 

AaSnA Y5FCPTRVDATVVGGNSAGELCVFPFVFLGICQY 358 

AaSnA SSCTS0GRRD6RLUCATT5NFDTDKKVGFCPDQG 392 

l^jjj^ GTACAGCCTGTTCCTGGTGGCAGCGCACGAGTTCGGCCATGCACTGGGCTTAGATCATTCCAGCGTGCCGGAAGCGCTCATGTACCCGCTGTATACCTAC 1300 

aaIona Y S L F L VAAHEFGHALG LDHSSVPEALHYPLYSY 425 

^gUJ CTCGAGGGCTTCCCTCTGAATAAAGACGACATAGACGGCATCCAGTATCTGTATGGTCGTGGCTCTAAGCCTGACCXAAGG^ 1400 



gDN. 
AAcONA 
AAgONA 



LEGFPLNICODIOGIQYLYGRGSICPDPRPPATTT 458 



30 JgjjJ CTGAACCACAGCCGACAGCACCTCCCACTATGTGTCCCACTATACCTCCCACGGCCTATCCCACAGTCCGCCCCACGGTTG6CCCTACA6GCGCCCCCTC 1500 

TEPQPTAPPTMCPT I PPTAYPTV-GP'tVGPTG/TPS 492 

gJJ ACCT6GCCCCACAAGCA6CCCGTCACCT6GCCCTACAGGCGCCCCCTCACCT6GCCCTACAGCc£c3:CTACrGCGGGCTCT 1600 
AACONA 



PGPTSSPSPGPYGAPSPGPTA PTAGSSEASTE 525 

gjjjj TCTTTGAGTCCGCCAGACAATCCTTGCAATGTGGATGTTTTTGAT6CTATT6CT6AGATCCAG66C6CTCT6CATnmCAAG6AC66TTGGTACTGM 1700 
35 AACONA 



AAgONA 
CONA 



AAgONA 



SLSPAONPCNVOVFOAIAEIQGALHPPICDGUYW 558 



AGTTCCTGAATCATAGAGGAAGCCCATTACAGGGCCCCTTCCTTACTGCCCGCACGTGGCCACCCCTGCCTGCAACGCTGGACTCCGCCTTTGAGGATCC 1800 



KFLNHRGSPLQGPFLTARTWPALPAT LDSAFEDP 592 



gDN 

AACDKA 
AAgONA 

GCAGACCAAGAGGGTTTTCTTCTTCTCTGGACGTCAAATGTGCGTGTACACAGGCAAGACCGTGCTGGGCCCCAGGAGTCTGGATAAGTTGGGTCTA^^ 19O0 
AA^HA OTKRVFFFSGRQHUVYTGICTVLGPRSL0ICLGL6 625 

^JJJ[ CCAGAGGTAACCCACCTCAGCGGGCTTCTCCCGCGTCGlE^GGAACGCTCTGCTGTTCAGCAAGG(a*CGTGTCTGGAGATT(£A^ 20O0 
AAgONA 



KVOPOSVIRVDICEFSGVPUNSHDt FQYODKAYFC 692 



PEVTHVSGCLPRR |[J GKALLFSICGRVURF | Ol L K S 0 658 

^ Jj J AGGTGGATCCCCAGAGCGTCATTCGCGTGGATAAGGAGTTCTCTGCTGTGCCCTGGAACTCACACGACATCTTCCACTACCAAGACAAA6CCTATTTCTG 21 OO 
AAcONA 
AAgONA 

^ONA rrATcrrAAaTTrTTrTftRrftTCTnAfiTTTrrAAAATitiinftTnaarAAftftTrrarfC^r 

AAcONA 
AAgONA 

cDNA 



gONA 
AAC 



AcONA 
AAgONA 
cDNA 
gONA 

50 cONA 



hgkffvrvsfqnevnkvdUJevnqvddvgyvtyd 725 

L I Q C P 

GAGGGAAAGGTGCTACCTGGCCAGGTACAGACTGGTGATCTCTTCTAGAGACrGGGAAGGAGTGGAGCCAGGCAGGGCTCTCTCTGCCCACCGTCCTTTC 2400 
TTGTTGGACTGTTTCT44I^CACGGATCCC(aU^CCTT**Jg^^ ; ^ 

Figure A 



According to another aspect of the present invention there is provided a construct comprising a transcription initia- 
tion region, at least a part of the DNA-sequence according to figure A and a termination region aligned in the proper 
reading frame. 
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In contrast to collagenases. for which quantitative chronriogenic substrate release and substrate conversion assays 
exist, gelatlnases are commonly quantified by zymographic procedures (7.8). In the zymographic assay, gelatinases are 
dissociated from their natural inhibitors and are activated. This impairs the quantification of the net activities of the 
enzyme and enzyme inhibitor in biological and other samples. Previously, quantitative zymography was used to meas- 
5 ure gelatinases in body and tissue culture fluids (1 ,4,5,7,8). Natural inhibitors of metalloproteases can not be measured 
by direct zymography. Indirect zymography-based inhibitor assays can only be used for small diffusaWe molecules and 
require a substantial amount of inhibitor. Finally, reverse zymography as an assay for enzyme inhibitors is labour-inten- 
sive and thus not practical. 

Furthermore the inhibitory activity of antisera and monoclonal antibodies can not be tested using zymography 
10 because the antitxxJies need to diffuse into the substrate gel. The same holds true for other macromolecular inhibitors 
of gelatinases. for instance tissue-inhibitors of metalloproteases. 

There is thus a demand for a quantitative measurement for proteases and protease inhibitors. 

According to yet a further aspect of the present invention there is provided a process for measuring proteases 
and/or protease inhibitors comprising the following steps: 

IS 

a) digestion of a predetermined substrate by the protease followed by 

b) quantification of the residual non-digested substrate. 

This in vitro assay is based on degradation of biotinylated gelatin, one of the substrates for gelatinases. The assay 
20 is useful for the discovery of gelatinase inhibitors, both macromolecular ones and small inhibitors. 

By means of this assay the inventors were able to define the macromolecular protease Inhibitors referred to above. 
The invention is further illustrated by the following examples which should not be considered as limiting the scope 
of the present invention. 

25 EXAMPLES 

EXAMPLE 1 

Assay system and derived assay systems to measure gelatinases and in particular gelatinase Inlilbitors 

30 

1.1. Introduction 

A quantitative non-isotopic solution assay for gelatinases and inhibitors was developed using biotinylated gelatin as 
the enzyme substrate. In this assay residual substrate is sandwiched between avidin-coated plates and streptavidin- 
35 peroxidase and is quantified by the peroxidase reaction. This assay v\^s useful to measure gelatinase activities in crude 
and purified samples (current detection limit 3 ng gelatinase B) and to define the activities of gelatinase inhibitors. The 
assay was demonstrated to be useful to discover gelatinase 8 inhibitory molecules. 

1 .2. Detailed description of the assay 

40 

Reagents 

The gelatin, avidin and biotin hydroxysuccinimide ester were purchased from Sigma Chemical Company, St. Louis, 
USA. The streptavidin-peroxidase complex was obtained from Jackson ImmunoResearch Laboratories, Pennsylvania. 
45 USA. The peroxidase color reagent Azinobenzthiazolium salt (ABTS) was purchased from Boehringer Mannheim, Ger- 
many Alkaline-phosphatase-conjugated anti-rabbit and anti-mouse antisera were purchased from DAKO/PROSAN. 
Glostrup, Denmark. 



50 

The measurement of gelatinase activity was based on the detection of non-degraded biotinylated gelatin with a 
streptavidin-peroxidase conjugate. This test is based on the biotin-avidin method described by Sorbi et al. (25) but mod- 
ified to a one plate assay (schematically represented in Fig. 1.). Gelatin (ImgAnl) was dissolved in 0.1 M sodium bicar- 
bonate pH 8.3 by heating to 40'C. Biotin-N-hydroxysucdnimide ester was dissolved in dimethylsulfoxide (Me2S0) and 
55 was added to the gelatin in a 15-fold molar excess. The mixture was allowed to react overnight at 4*'C and the bioti- 
nylated gelatin was then dialyzed against phosphate buffered saline (PBS). Neutrophil granulocyte (Neu) medium was 
collected from human neutrophils after stimulation with lipopolysaccharide (1|Jig/ml) overnight at Zl^^C in Minimal 
Essential Medium. Cells were removed by 10 min centrifugation at 1000 g. Purified gelatinase was obtained by one- 
step affinity chromatography of neutrophil medium on a gelatin-sepharose column as described (8). 
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Modified flat bottom 96-well ELiSA plates were coated overnight with 0.5 M^g/ml avidin in distilled water. The plates 
were then blocked with 0.3% bovine serum albumin (BSA. Sigma) in PBS for 1 hour at 37**C. Biotinylated gelatin was 
diluted to 50 \xg/m\ and 1 00^1 was added to the avidin-coated wells. After incubation for one hour at 20''C. the plate was 
rinsed with PBS. Medium containing the secreted gelatinases from human neutrophils (dilution range 1/3-1/3^ ^) and the 

5 inhibitors were diluted in incubation buffer (50 mM Tris-HCI pH 7.5. 10 mM CaCl2p 0.02% (W/V) NaNs, 1% (V/V) Triton 
X-100) and 100 m^I of each were mixed. 190 [il of the mixture was added to the gelatin-coated plates and allowed to 
digest the gelatin overnight at Zl^^C. The plates were then washed with PBS and each well was Incubated with 100 
peroxidase-conjugated-streptavldin at a 1 :2000 dilution for 1 hour at 37''C. After ringing the plate, the ABTS substrate 
was added (0.5 mg/ml solution containing 0.1 M citric acid, 0.2 M Na2HP04, pH 4.3, 0.07 (tl/ml 30% H2O2) and the opti- 

10 cai density was read at 405 nm after 10 min. incubation at room temperature. 

Additional information on published test systems used here for comparison. 

Zymography 

IS Quantitative zymography was performed as described (7,8). Briefly, 40 ^l of loading buffer was added to 40 ^1 of 
each sample and applied on 7.5% polyacrylamide gels which had been co-polymerised with 0.1% (w/v) gelatin. Stack- 
ing gels contained 5% polyacrylamide. The gels were run at 4''C for 16h at 90V. The gels were then incubated in wash- 
ing buffer (50 mM Tris-HCI pH 7.5, lOmM CaCIa, 0.02% (WA/) NaNa. 2.5% {vN) Triton X-100) at room temperature. 
2x20 min to remove sodium dodecyl sulfate and overnight in developing buffer (50 mM Tris-HCI pH 7.5, lOmM CaCi2. 

20 0.02% (wA/) NaNa, 1% (v/v) Triton X-100) at 37*C. The gels were then stained in Coomassie brilliant blue R-250 and 
destained in methanol/acetic add. The sites of gelatinase activity appeared as unstained bands on a blue background 
and were quantified by computerised image analysis tiirough scanning densitometry with a PDI scanner (Pharmacia, 
Belgium) and the PDI software package. For inhibition experiments, the inhibitors were dissolved in the developing 
buffer at the appropriate concentration. 

25 

Western blotting 

StarKJard neutrophil gelatinase (1^1) was seperated on a 15% SDS/PAGE gel and transferred to a polyvinyldifluor- 
idon (PVDF) membrane. The membranes were blocked in 3% bovine albumin serum in Tris-buffered saline (TBS) for 
30 one hour and then incubated overnight in a 1/5000 dilution of the primary antisera in TBS. After washing, the mem- 
branes were incubated with an alkaline-phosphatase-conjugated anti-rabbit or anti-mouse antibody (1/2000 dilution), 
depending on the origin of the primary antibody, and stained with nitrok>lue tetrazolium and bromochloroindolylsulphate 
until bands appeared. 

35 Gelatinase inhibitor microplate assay 

A plate assay for the quantification of gelatinases and tiieir inhibitors was established (Fig. 1). Gelatin is biotinylated 
and bound to avidin-coated microliter plates. By addition of gelatinases the number of free biotin groups decreases and 
proportionally less streptavidin-peroxidase is tx3und to the residual substrate. Bound streptavidin-peroxidase activity is 

40 measured spectrophotometrically by reaction of peroxide with ABTS. Inhibition of gelatinase is obtained by the addition 
of inhibitor to a known amount of gelatinase prior to application to the plates. The peroxidase activity increases propor- 
tionally with the inhibitory activity. 

Plates were first coated with lO^^ml avidin and 50\iqM biotinylated gelatin (theoretically saturating the avidin 
binding sites). As the sensitivity of the assay is dependent on the detection of the minimal amount of degraded bioti- 

45 nylated gelatin, we investigated wether decreasing the amount of biotin-gelatin (50 M.g/ml-23 ng/ml) bound to the avidin- 
coated (10fjig/ml) plate increased the sensitivity of the assay However, we found that non-saturation of the avidin did 
not enhance the sensitivity significantly. Thus it was verified whether a decrease in the avidin coating could make tiie 
assay more sensitive (Fig. 2). The optimal avidin concentration for the detection of decreasing gelatinase B activity was 
determined at 0.3-1 .1 ^g/ml (Fig. 2). In all further examples plates were coated with 0.5 fig/ml avidin and 50 |ig/ml gel- 

50 atin-biotin. 

Titration of gelatinase B In the mirrrotitftr pimo assf^y 

On a theoretical basis the developed test is useful for tK>th enzyme and enzyme-inhibitor assays. 
55 Previously, the inventors have shown that neutrophils do not produce the natural tissue inhibitor of metalloprotease 
(TIMP-1), or gelatinase A (8). In tiie examples of tiie inventors a starxiard preparation, containing purified homogenous 
gelatinase B from human neutrophils yielded a titration curve parallel with that of crude preparations of neutrophil gela- 
tinase B in the plate assay. For all further inhibition experiments, the crude preparation of neutrophil gelatinase B was 
used. 
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The change in optical density with respect to the change in enzyme concentration is sigmoidal (Fig. 3). The titration 
curves of gelatinase inhibition were always related to a blanc curve and this for enzyme concentrations within the slope 
of the ojrve (vertical dotted lines Fig. 3). The decrease in enzyme activity to which the inhibitor-incubated sample cor- 
responded was defined as the inhibition factor (IF). 
5 With the classical zymography technique it was found that minocyclin inhibits gelatinase B in a dose-dependent 

way (Fig. 4). Therefore, this inhibitor was tested for its inhibitory adtivity in the gelatinase microtiter plate assay and 
found to be active as an inhibitor. 

1.3. Summary 

10 

The invented and described assay is based on the digestion of biotinylated gelatin by gelatinases and quantification 
of residual biotinylated gelatin by peroxidase-streptavidin. With the use of laboratory standard preparations this micro- 
titer plate assay can be employed to quantify gelatinases in crude supernatants and to test for inhibitors of gelatinases. 
In contrast to the zymography inhibitor assays, the microtiter plate assay is less labour-intensive and can be per- 

15 formed with at least 1000-fold less inhibitor. To exemplify its usefulness and to determine the structure-function effects 
we studied the inhibitory effect of a tetracycline. Often biological fluids are complex mixtures of both enzymes and 
enzyme inhibitors. The natural inhibitors of matrix metalloproteases are tissue inhibitors and these are dissociated from 
the enzyme in the zymography assays (7). In other words, whith the quantitative zymography technique free SDS-acti- 
vated enzyme activity is measured without inhibitors. Because the microtiter plate assay is essentially a solution assay 

20 on a solid phase substrate, with the latter assay the net gelatinolytic activity is measured of both enzymes and Inhibitors. 
Other techniques were tried as a means to quantify gelatinolytic activity in solution. These methods consist of a) an in 
vitro digestion of commercially available or iodinated gelatin, b) SDS-PAGE of the suk)strate and reaction products, c) 
staining analysis or autoradiography and d) scanning densitometry. The following drawbacks hampered their practical 
use: major batch differences in the substrate, too many bands to be analysed in the substrate and reaction products 

25 and the need for a specific laboratory environment for the isotopic method. The microtiter plate assay is a fairly simple, 
non-isotopic gelatinase assay which allows measurement of net gelatinase activity in biological samples as well as the 
titration of gelatinase inhibitory substances. In addition, tiiis assay can be modified easily as to be adapted to semi- 
automated or fully automated robotics. 

30 1.4. Leoends to the figures 

Figure 1. Flow chart of the gelatinase microtiter plate assay Individual wells (illustration) of a microtiter plate are 
coated witii avidin (a) to which biotinylated gelatin substrate is bound (b). Enzymatic activity (E) of gelatinases liberate 
gelatin fragments and decrease proportionally the number of residual biotin (c). The latter Is spectrophotometrically 

35 quantified by binding of streptavidin-peroxidase and development of peroxidase activity (PO) using peroxide and azi- 
nobenzthiazoiium salt as a color reagent. 

Figure 2. Effect of avidin coating on the sensitivity of the gelatinase microplate assay. Plates were coated witii 
decreasing amounts (lO^g-IOng) or without (blank) avidin and after blocking incubated witii 50 ^g/ml gelatin-biotin. The 
ability of tiie assay to detect the effect of decreasing amounts of gelatinase B standard preparation on the degradation 

40 of gelatin is measured by streptavidin-peroxidase binding to residual biotinylated gelatin and development of peroxidase 
activity. The standard preparation contained an equivalent of 60 iig/ml gelatinase activity. 

Figure 3. Determination of the inhibition factor. A standard preparation of gelatinase B from human neutrophils was 
spectrophotometrically titrated in the microtiter plate assay by digesting biotinylated gelatin. Addition of inhibitor (3.33 
mg/ml to 0.09 mg/ml shifted the titration curves in a parallel way and enabled to determine the inhibitory factor (IF). 

45 Figure 4. Inhibition of gelatinase B by minocycline on zymography A standard preparation of gelatinase B from 
neutrophils was repetitiously loaded in the slots of a zymography gelatin substrate gel. After electrophoretic separation 
the gel was sliced every three lanes and the slices were incubated in test tut^s in developing buffer witiiout and with 
increasing amounts of gelatinase B inhibitor. The enzyme activity was developed by staining of the sut^strate with 
Coomassie blue and quantification of the substrate digestion by scanning densitometry. Percent inhibition is related to 

50 a control to which no minocycline was added. The 92 KDa neutrophil gelatinase is indicated with an arrowhead. 
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EXAMPLE 2 

Recombinant mouse gelatinase B and derivatives for gelatlnase and gelatinase inhibitor assays, fdr In vitro 
and in vivo appiications. 

5 

2.1. Introduction 

Cloned DNA of Mouse gelatinase B, a matrix metalloprotease involved in tissue remodelling, expressed in Chinese 
hamster ovary (CHO) cells and translated from its mRNA in reticulocyte lysates. 

10 By PCR-mediated exon amplification, hybrid genomic DNA/cDNA constructs were generated under the control of 
two constitutive viral promoters. In vitro transcription generated an Intact mRNA species yielding by reticulocyte lysate 
translation three gelatinase B fragments. The aminoterminal fragment was shown to be glycosylated. Transfection of 
the hybrid gelatinase B DNA in CHO cells yielded intact recombinant enzyme in addition to processed gelatinase B 
fragments. Recombinant 110 kDa gelatinase B was purified by a single step affinity chromatography procedure and 

15 shown to comlgrate with the natural gelatinase B from WEHI-3 macrophages, to Immunoprecipltate with a specific 
antiserum and to be enzymatically active. 

Abbreviations. CHO. Chinese hamster ovary: DMEM, Dulbecco's modified Eagle medium; MMR matrix metallopro- 
tease; PMSF, phenylmethylsuHbnyl fluoride; PVDF. polyvinyl idene difluoride; TIMP. tissue inhibitor of metalloproteases. 
Enzymes. Gelatinase A (72 kDa gelatinase. matrix metalloprotease-2; EC 3.4.24.24); Gelatinase B (92 kDa gelatinase, 

20 matrix metalloprotese-9; EC 3.4.24.35). 

2.2. Experimental procedures 

Constmction of mous e gelatinase B expression olasmids 

25 

In order to make a DNA construct for the expression of the mouse gelatinase B in eukaryotic cells, a genomic 
DNA/cDNA hybrid was synthesized. This construction was necessary since only partial cDNA clones coding for the 
gelatinase B from mouse WEHI-3 macrophages could be isolated (43). A cDNA fragment from a partial gelatinase B 
cDNA clone (pSM2; coding for part of exon 3 and for axons 4 to 13) was coupled to the genomic DNA coding for exons 

30 1 and 2 and for the missing part of exon 3 (Figure 5). 

First, a partial consfruct was made (pEX3SM2) by llgating 1) a 694 bp EcoRI-TthllM fragment from a genomic cos- 
mid DNA sutxdone (containing the DNA from part of intron 1-2, exon 2. intron 2-3 and part of exon 3); 2) a 1738 bp 
Tthlin-Xbal fragment from tiie cDNA clone pSM2 (other part of exon 3 plus exons 4 to 13 -i- 41 bp of 3*-unfranslated 
DNA) and 3) tiie pUC19 plasmid digested witii EcoRI and Xbal. 

35 Exon 1 was coupled to exon 2 by PCR amplification using custom-made "sticky feet primers". First, exon 1 was 
amplified using a sense primer for exon 1 (SPEX1 = 5'-CATQCQGCCGCCATGAGTCCCTGGCAGC-3') and an anti- 
sense primer for exon 1 (APEX1 = 5'-ACAAGTATGC/CTCTQCCAGCTGGGTQTC-3'). TTie 5'-end of SPEX1 contains a 
NotI restriction site (underlined) just upsfream of the ATG initiation codon. At the 5'-end of APEX1, tiiere is a 10 bp 
extension (in Italics) complementary to the first 5' 10 base pairs of exon 2. Exon 2 was amplified using two other prlm- 

40 ers, SPEX2 (= 5*-GCTGGCAGAG/GCATACTTGTACCGCTATGG-3') and APEX2 (= S'-TTQQATCCAGTATGTGATGT- 
TATGATGG-3'). The first 1 0 base pairs of SPEX2 (in Italics) are complementary to the 3'-end of exon 1 . APEX2 contains 
at its end a BamHI resfriction site (underlined) which is located exactiy at the boundary between exon 2 and exon 3. 
PCR amplifications were performed using tiie following conditions: 1 min at SS'^C, 50 s at SS^'C arxJ 40 s at 72''C (30 
cydes) in the presence of 10 ng of template cosmid DNA. After elecfrophoresis of the PCR reaction products in 1.5% 

45 agarose, tiands of the expected exon size (163 bp for exon 1 and 247 bp for exon 2. respectively) were etuted from tiie 
gel. Exon 1 and 2 were joined by performing 7 PCR cycles (1 min at 95^*0; 45 s at 55^*0; 55 s at 72''C) in the absence 
of primers, followed by another 25 cycles In tiie presence of 25 pmol of the outward primers SPEX1 and APEX2. 

The resulting 390 bp PCR product was digested with NotI and BamHI and subcloned in the plasmid pBluescript. 
From the resulting plasmid pEXPCR12. the fragment could be excised with NotI and BamHI. The sequence of the 378 

so bp insert was determined and corresponded exactly to the genomic sequence of exons 1 and 2. 

in a subsequent step, four DNA fragments were joined in a single ligation reaction: 1 ) the 378 bp Notl-BamHi frag- 
ment from plasmid pEXPCR12 (exons 1 and 2); 2) a 905 bp BamHI-Xhol fragment isolated from plasmid pEX3SM2 
(exon 3 to first part of exon 8); 3) a 958 bp Xhol-)(bal fragment also isolated from plasmid pEX3SM2 (second part of 
exon 8 to exon 13 and 41 bp of 3'-untranslated DNA); and 4) the pBluescript plasmid digested witii NotI and Xbal. The 

55 resulting construct (pBS/MMGEXP) was verified by partial sequence analysis and by resfriction analysis. The 2241 bp 
insert contained 503 bp derived from genomic DNA (exon 1 , 2 and part of 3) and 1738 bp derived from cDNA (part of 
exon 3. exons 4 to 13 and 41 bp of 3*-unfranslated DNA). The complete mouse gelatinase B coding sequence was then 
cloned into appropriate eukaryotic expression vectors: in pRcCMV (Invitrogen Corporation) under the control of the viral 
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CMV-promoter (RcCMV/MMGEXP) and in pBK-RSV (Stratagene) under the control of the viral RSV-promoter 
(pBKR/MMGELB). 

In vitro transcription and translation of the hybrid construct 

5 

For the In vitro production of recombinant mouse gelatinase B. the expression plasmid pBKR/MMGELB was line- 
arized with the restriction endonudease Sspl and treated with protease K. mRNA was transcribed from 4 \iQ template 
DNA with 45 U T3 RNA polymerase according to the instructions of the manufacturer (Promega Corporation). After 
DNAse treatment. 2 )Ag of the transcription product was translated in rabbit reticulocyte lysate in the presence of 
10 [^^S]methionlne and with or without addition of canine microsomal membranes. Antipain (final concentration 100 |xM) 
and phenylmethylsulfbnyl fluoride (PMSF; final concentration 0.8 jxM) were included in certain translation experiments 
to inhibit proteases possibly present in the reticulocyte lysate preparations. Aliquots of the in vitro translation mixes 
were run on 12.S% acrylamide gels. Gels were vacuum dried and autoradiographed after amplification with Amplify 
(Amersham). 

IS 

Expression of mouse gelatinase B in Chinese hamster ovarv fCHO) cells 

Plasmid DNAs from the expression constructs (RcCMV/MMGEXP or pBKR/MMGELB) were linearized with Bglll or 
Sspl, respectively, extracted twice with phenol and precipitated with ethanol. 40 iig of this linearized DNA was then used 

20 to transfect CHO cells by electroporation (46). Control electroporation experiments were performed using linearized 
plasmid DNA from a pRcCMV or pBK-RSV vector-derivative. After 2 days of culture in DMEM containing 10% fetal 
bovine serum, antibiotic G-418 (geneticin, BRL Life Technologies) was added at a final concentration of 0.5 or 1 mg/ml. 
Cells were incubated further in tiie presence of G-418. the medium was changed every 2 to 3 days and cell cultures 
were inspected for the formation of G-418-resistant colonies. Single or pooled colonies were subcloned in DMEM con- 

25 taining 500 fig/ml of G-418, grown to confluency in the absence of serum and tiieir sufpernatants tested for gelatinase 
activity by zymography. 

Detection and purification of recombinant gelatinase B activitv 

30 The gelatinase activity in cell culture supernatants was detected by gelatin-substrate zynK^graphy as described. As 
previously shown tiiis assay Is specific and yields information about the gelatinase molecular weight (7). Recombinant 
murine gelatinase B enzyrne was purified on mint-columns of gelatin-Sepharose as described (8). with minor modifica- 
tions. 

35 Western blotting 

After electrophoresis in 15% acrylamide gels, proteins were transferred to PVDF membranes and immunostained 
using a rabbit polyclonal antibody raised against human gelatinase B (8). Briefly, membranes were incubated for 1 h in 
3% bovine serum albumin in Tris-buffered saline and tiien in a 1/2000 dilution of the primary dilution) and tiien stained 
40 with nitroblue tetrazolium and bromochloroindolylsulphate until bands appeared. 

In vitro transcription and translation of murine oelatinase B 

To assess tiie functionality of tiie hybrid genomic DNA/cDNA expression construct, plasmid DNA from 
45 pBKR/MMGELB was transcribed in vitro using T3 RNA polymerase and the mRNA translated in rabbit reticulocyte 
lysate. One single mRNA species, hybridisable to mouse gelatinase B cDNA, was found by Northern blot analysis. 
Three [^^S]-label]ed protein fragments with relative molecular masses of 45. 38 and 26 kDa respectively were visible on 
SDS/PAGE (Figure 6A). Addition of canine microsomal membranes to the in vitro translation mix also resulted in the 
production of three fragments, but the lower band migrated at a Mr of 30 instead of 26 kDa. The presence of serine and 
50 cysteine protease inhibitors during translation did not prevent the appearance of the three discrete protein bands. To 
assess tiie direct effect of reticulocyte lysate treatinent on murine gelatinase B and to account for the differences in the 
proteins produced in reticulocyte tysates and in transfected CHO ceils (see below), purified recombinant enzyme from 
pBKR/MMGELB-transfected cells was incubated with rabbit reticulocyte lysate and then analysed by zymography and 
Western blotting (Figure 6B). Reticulocyte lysate treatment did not result in processing of tiie 1 10 kDa band to lower Mr 
55 fragments. 
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Expression qf mMrin^ qg|atina$g B in CHO CQllg 

CHO cells were transfected with the RcCMV/MMGEXP construct (Figure 7A) by electroporation. After G-418 selec- 
tion, pools of clones were grown to confluency and their supernatants tested for gelatinase activrty by zymography (Fig- 

5 ure 7B). Supernatants from untreated CHO cells (lane 3) and control-transfected CHO cells (lane 2) contained 
endogenous hamster gelatinases A and B migrating at 65 kDa and 95 kDa. respectivdy, on zymography. In the 
RcCMV/MMGEXP-transfected cells (lane 1), additional gelatinase bands migrating at 110 kDa, 66 kDa and less than 
45 kDa were present and represented intact recombinant murine gelatinase B (1 10 kDa) and presumably processed 
murine gelatinase B fragments. 

10 After transfection of CHO cells with pBKR/MMGELB plasmid DNA (Figure 8A) and G-418 selection, individual 
clones or pools of clones were grown to confluency, then incubated for 24 h in serum-free medium and the supernatants 
tested for additional gelatinase activity compared to non-transfected and control-transfected CHO cells. Screening of 
more than 60 individual clones resistant to antibiotic G-418 from 4 different transfection experiments did not yietel clones 
producing silver-stainable proteins or gelatinolytic activity on zymography different from those present in control super- 

15 natants. One pool of G-418 resistant clones, however, produced an intense protein band on silver-stained SDS/PAGE 
not present in the controls (Rgure 8C, lane 2). This protein could also be detected as an additional gelatinolytic activity 
with Mr around 1 10 kDa on zymography (Figure 8B. lane 1). Additional experiments confirmed this protein to represent 
recombinant mouse gelatinase B: the activity coukJ be purified on gelatin-Sepharose and the protein reacted with a pol- 
yclonal gelatinase B antiserum on Western blot. Moreover, the activity oomigrated with natural gelatinase B from mouse 

20 macrophages (WEHI-3 cell line) (Figure 8B and C). 

2.3. Summary 

A hybrid genomic DNA/cDNA plasmid construct containing the complete mouse gelatinase B coding sequence was 

25 used to produce recombinant mouse gelatinase B enzyme. Transfection of CHO cells produced high amounts of a 1 10 
kDa protein with gelatin-degrading capacity. The three reticulocyte lysate translation products represent fragmented 
mouse gelatinase B, since tiieir respective Mr add up to approximately 105 kDa without processing and approximately 
110 kDa after posttranslational processing by canine microsomal membranes. In accordance with this, treatment of 
purified recombinant mouse gelatinase B (110 kDa) with N-glycanase resulted in conversion to a 105 kDa gelatinase B 

30 without loss of zymographic activity (data not shown). The 26 kDa fragment is glycosylated by the microsomal mem- 
brane preparation. This fragment represents the amino-terminus of the mouse gelatinase B since the N-glycosylation 
sites are all situated in the NH2-terminal third of the protein. The natural mouse gelatinase B contains approximately 10 
kDa of cartx)hydrates (43). Moreover, in accordance with the predicted protein sequence, tiiis 26 kDa NHa-terminal 
fragment is most intense on the autoradiogram, and it contains 4 or 5 methionines (positions 1, 61, 62. 74 and 136 in 

35 the amino acid sequence). The other two fragments of 45 and 38 kDa (after translation in reticulocyte lysate) each con- 
tain only one or two metiiionines (positions 419. 469 and 605) and by [^^S]methionine labelling experiments conse* 
quentiy appear less intense on the autoradiogram. It is known that prolonged incubation or repeated freeze/thawing of 
matrix metalloprotease can lead to autoactivation and autoproteolysis (47, 48). 

The recombinant mouse gelatinase B has gelatinolytic activity, binds to gelatin-Sepharose and cross-reacts with a 

40 polyclonal antibody raised against human gelatinase B. The similarity between the human and mouse gelatinase B pro- 
teins is 82 % (43). Mouse gelatinase B cDNA has been cloned by three other groups besides ours (42. 44. 45), but sev- 
eral differences are apparent between the four known cDNA sequences and between certain of these cDNA sequences 
and the genomic sequence (43). These differences, situated in the carboxy-terminal part of the enzyme, more precisely 
in the type V collagen-like domain and in the hemopexin domain, could lead to non-conservative amino acid substitu- 

45 tions in the protein. Although the nature and importance of tiiese discrepancies remains to be determined, the cDNA 
we have cloned and sequenced codes for the first murine recombinant functional gelatinase B enzyme. Our results 
demonstrate that recombinant murine gelatinase B can transientiy be expressed in heterologous cells. In accordance 
with recent data on the human gelatinase B. which show that permanent expression of high amounts of tiie recom- 
binant form in rat tumor cells is selected against (38). in our hands expression of gelatinase B has negative effects on 

50 cell growtii and survival. Therefore, yeast expression is developed. The availability of recombinant mouse gelatinase B 
protein and of DNA probes for this murine matrix metalloprotease is crucial for the other claims and for in vivo testing in 
animal models. 

2.4. Figure legends 

55 

Figure 5. Construction of expression plasmids containing the complete mouse gelatinase B coding sequence. For 
details see text. EX=exon; pBS=pBluescript; B=:BamHI. E^EcoRI, N=Notl. T=Ttiilll1. XB^Xbal. XH=Xhol; S1.S2=sense 
primers SPEX1 and SPEX2; A1 . A2=antisense primers APEX1 and APEX2. 

Figure 6. In vitro transcription and translation of pBKR/MMGELB DNA. 
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(A) Unearized plasmid DNA from pBKR/MMGELB was transcribed in vitro and the RNA then translated in rabbit 
reticulocyte lysate in the absence (-) or presence (+) of canine microsomal membranes (CMM). Protease Inhibitors (PI; 
PMSF and antipain) were added to the indicated translation reactions. Lane CO shows a control translation reaction in 
the absence of added RNA. MM= molecular mass standards used for SDS/PAGE (in kDa). (B) Purified recombinant 
5 murine gelatinase B (mGEL-B) from pBKR/MMGELB-transfected CHO cells was incubated with 2 |jtl of reticulocyte 
lysate (RL) for 4 h and aliquots subsequentiy subjected to zymographic analysis (left panel) or to Western blot analysis 
(right peinel). The 110 kDa gelatinase B band is indicated by arrowheads. 

Figure 7. Expression of mouse gelatinase B in CHO cells (pRcCMV-vector). 

(A) The construct RcCMV/MMGEXP was made as described in the experimental procedures section. The 
10 Figure 7. Expression of mouse gelatinase B in CHO cells (pRcCMV-vector). 

(A) The construct RcCMV/MMGEXP was made as described in the experimental procedures section. The genomic 
DNA/cDNA hybrid was cloned between the CMV-promoter and tiie BGH polyadenylation signal of the expression vector 
pRcCMV. This vector contains the neomycin resistance gene. (B) Zymography of conditioned media (5 fjU per lane) from 
untreated CHO cells (lane 3), control-transfected CHO cells Qane 2) and RcCMV/MMGEXP-transfected CHO cells 
IS (lane 1). Molecular mass standards are indicated in kDa at the right hand side. Bands representing recombinant murine 
gelatinase B activity are indicated by arrowhe^s at tiie left hand side. Note that the cells were cultured in medium con- 
taining 10% fetal bovine serum. 

Figure 8. Expression of mouse gelatinase B in CHO cells (pBK-RSV-vector). 

(A) The construct pBKR/MMGELB was made as described in the experimental procedures section. The genomic 
20 DNA/cDNA hybrid was cloned between the RSV-promoter and tiie SV40 polyadenylation signal of tiie expression vec- 
tor pBK-RSV. This vector contains the neomycin resistance gene. (B) Zymography of recombinant mouse gelatinase B 
(lane 1 : 5 of supernatant from transfected pod; lane 2: purified enzyme) compared to natural mouse gelatinase B 
from LPS-stimulated WEHI-3 cells (lane 3: 1 pJ of cell culture supernatant; lane 4: purified enzyme). The 110 kDa gela- 
tinase B band is indicated by an arrowhead. (C) Silver-stained SDS/PAGE of conditioned media (1 ^1 per lane; 24 h 
25 incubation period) from untreated CHO cells (lane C), control-transfected CHO cells (lane 1) and pBKR/MMGELB- 
transfected CHO cells (lane 2). Lane 3 shows an aliquot of the affinity-purified recombinant mouse gelatinase B enzyme 
and lane W shows a Western blot analysis on supernatant from gelatinase B-transfected CHO cells. The 110 kDa 
mouse gelatinase B band is indicated by arrowheads. 

30 EXAMPLE 3 

D-penicillamine and tetracyclines and derivatives thereof as gelatinase B inhibitors 

The gelatinase Inhibitory activity of tetracyclines and chemically modified tetracycilne analogues. 

35 

3.1. Introduction 

D-penidllamine was discovered as an inhibitor of gelatinase B by zymography analysis and microtiterplate analy- 
sis. When 20 teto'acycline analogues were compared the Inventors found that the inhibitory factor (IF) at 1 .67 mg/ml var- 
40 ied from O to 27. Chlortetracycline (IF:= 27) and epichlortetracydine (IF= 9) were the most potent gelatinase inhibitors. 
The inventors dissociated the gelatinase B inhibitory activity of tetracyclines from their antimicrobial activity. In view of 
the pathophysiological function of gelatinases, the definition of gelatinase inhibitors with known efficacy, safety and 
side-effects is crucial for the treatment of diseases such as cancer invasion and metastasis and multiple sclerosis. 

45 3.2. Materials and Methods 
Reagents 

D-penidllamine was purchased from Gist-Brocades, The Netherlands. The tetracyclines and analogues mentioned 
50 In Table 1 are depicted in figures 9 and 1 0. Those indicated by an asterisk are commercially available from Acros Chim- 
lea, (Beerse, Belgium). 

The test system used Is described hereabove. 
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Table 1 





tetracycline concentrations 


Name 


3.33 mg/ml 


1 .67 mg/ml 


0.83 mg/ml 


tetracycline HCI* 


8 


3 


■ 


4-eprtetracycline HCI* 


ND 


3 


■ 


anhydrotetracycline HCI* 


- 


- 


- 


4-epianhydrotetracycline HCI* 


precipitation 


3 


2 


oxytetracycline base* 


precipitation 


- 


- 


4-epiQxytetracyline base* 


20 


3 


- 


a-apoQxytetracycline base* 


9 


3 


- 


p-apooxytetracycllne base* 


3 


- 


- 


doxycycline hyclate 


- 


- 


- 


6-epidoxycycline HCt 


- 


- 


- 


metacycline HCI 


27 


8 


3 


demethylchlortetracycllne HCI 


- 


- 


- 


4-epldemeclocycline HCI 


- 


- 


- 


demethyltetracycline base 


- 


- 


- 


chlortetracycline HCI* 


45 


27 


9 


4-eplchlortetracycline HCI* 


precipitation 


9 


3 


isochlortetracycline HCI 


3 






anhydrochlortetracycllne HCI* 


6 


2 




4-epianhydrochlortetracycline HCI* 


3 






minocycline HCI 


8 


3 




4-epiminocycline HCI 


3 






7-aminominocycline HCI 


precipitation 






6<leoxy-6-demethyttetracycline HCI 


8 


5 


3 



Titration Qf qQlatina?^ B in thg migrptitgr plate assay 

46 

On a theoretical basis the developed test is useful for both enzyme and enzyme-Inhibitor assays. Previously, the 
inventors have shown that neutrophils do not produce the natural tissue inhibitor of metalloprotease (TIMP-I), or gela- 
tinase A (8). In experiments a standard preparation, containing purified homogenous gelatinase B from hunfian neu- 
trophils yielded a titration curve parallel with those of crude preparations of neutrophil gelatinase B in the plate assay. 

50 For all further tetracycline inhibition experiments, the crude preparation of neutrophil gelatinase B was used. 

The change in optical density with respect to tiie change in enzyme concentration is sigmoidal (Fig. 3). The titration 
curves of gelatinase inhibition by tetracyclines were always related to a blanc curve and this for enzyme concentrations 
within the slope of the curve (vertical dotted lines Fig. 3). The decrease in enzyme activity to which the tetracycline incu- 
bated sample corresponded was defined as the inhibition factor (IF). 

55 With the classical zymography technique it was found that minocyclin inhibits gelatinase B in a dose-dependent 
way (Rg. 4). Therefore, 23 tetracyclines and CMTCs were tested for their inhibitory acitivity in the gelatinase microliter 
plate assay (table 1). Three dilutions were tested, starting from 3.33 mg/ml. In some cases due to the amount of mate- 
rial available or due to the chemical properties of the teti-acydine, a highest concentration of only 1 .67 mg/ml was used. 
Several tetracyclines inhibited gelatinase B in a dose-dependent way. Chlortetracycline HCI was the most potent inhib- 
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itor. followed by 4-epichlortetracycllne. The inhibitory activity of minocycline in the zymography assay was confirmed in 
the plate assay. Several tetracyclines and CMTCs did not show any inhibitory activity. 

Tetracyclines as inhib itors of gelatinase B and correlation with their antimicrobial potencv 

5 

Fig. 9-1 0 illustrate the structure modifications of the tetracyclines and CMTCs with known antimicrobial potency as 
well as their anti-gelatinase activity. 

It appears that the inhibitory activity is not linked to the antibiotic potency. Chlortetracycline is more active as a gela- 
tinase inhibitor than the antibiotically more potent minocycline, while the potent antibiotic doxycycline is not active as an 
10 inhibitor. Oxytetracydine is less active as an matrix metalloprotease inhibitor than its 4-epimer 4-epiQxytetracycline 
which is only weakly potent as antibiotic. 

Chlortetracycline is much more active than tetracycline. But minocycline which carries a dimethylamino group at C7 
is also active and demethytchlortetracycline which, compared to chlortetracycline. lacks a methyl group at C6 is not 
active. So it appears that the structure at C6 is important too. Metacydine carries a methylene at C6 and is very active, 
15 while doxycycline with a methyl group at C6 is not active, and minocycline, with no substituents at C6 is active. The con- 
figuration at C4 also plays a role. In several cases the 4-epimers are less active (4-epichlortetracycline, 4-epinanhydro- 
chlortetracycline. 4-epiminocycline), in some cases they are more active (4-epianhydrotetracycline. 4- 
epioxytetracycline) and for tetracycline no effect is observed. 

20 3.3. Summary 

In view of the disease-promoting role of metalloproteases in chronic inflammations (26) and cancer cell invasion 
and metastasis (27, 28, 29), potent metalloprotease inhibitors might become important drugs for the treatment of these 
diseases. Therefore the inventors established a microtiter plate assay for matrix metalloproteases and inhibitors, as 

25 described hereabove. and compared the inhibitory effect of a series of tetracycline analogues and D-penicillamine. 

The described assay is based on the digestion of biotinylated gelatin by gelatinases and quantification of residual 
biotinylated gelatin by peroxidase-streptavidin. With the use of laboratory standard preparations this microtiter plate 
assay can be employed to quantify gelatinases in crude supernatants and to test for inhibitors of gelatinases. 

In contrast to the zymography inhibitor assays, the microtiter plate assay is less latx>ur-intensive and can be per- 

30 formed with at least 1000-fold less inhibitor. To exemplify its usefulness and to determine the structure-function effects 
we studied the inhibitory effect of a series of tetracyclines and tetracycline analogues. Chlortetracycline was found to 
be the most active, followed by metacydine HCI and 4-epioxytetracycline base. The inventors compared the activities 
of the gelatinase-inhibiting tetracyclines and CMTCs with their known antimiaobiat properties. It appears that the gela- 
tinase inhibitory activity and antimicrobial potency of the molecules can be dissociated. This is in line with and extends 

35 earlier findings (30,31) on inhibition of neutrophil collagenase with tetracycline analogues. Based on the structure of the 
different CTs and CMTCs and their activity in the gelatinase microtiter plate assay it can be concluded that the substi- 
tution and the configuration of the structures on C6 and C7 influence the activity but apparently these influences are 
complex. From the available information it is impossible to predict which structure will be the most effective inhibitor. It 
is also impossible to discuss in detail the relation of the inhibitory activity of the tetracydines to their chelating proper- 

40 ties, since the relative chelating strength of all the tetracydines examined is not available. It has been reported that the 
chelating properties of demethylchlortetracycline, doxycycline and minocycline towards Fe^+. Cu^+, and Co^+ are 
conparable (32) while it was found that their ability to block geliatinase activity is different. Experiments with chlortetra- 
cycline, tetracydine hydrochloride and metacydine also suggest that the gelatinase inhibitory activity of some of the tet- 
racyclines is not completely attributable to their ability to chelate Ca^+ (data not shown). 

45 The anti-metalloprotease activity of tetracydines has been found to be effective miainly against collagenases of 
inflammatory (neutrophil) origin but not against fibroblast collagenase (32). This may prove a double advantage for their 
therapeutic use. It would provide a potent inhibitor of neutrophil damage, relatively resistant to other metalloprotease 
inhibitors such as a2-macroglobulin. Additionally, its specificity towards neutrophil collagenases decreases the risk of 
tetracycline therapy interfering with normal tissue remodelling and repair (30). 

so - " 

3.4. Legends to tables and figures 

Table 1 . Inhibition factor (IF) of tetracydine analogues as determined in the gelatinase microtiter plate assay. Where 
indicated, precipitation of the tetracycline at high concentrations did not allow an accurate determination of the IF. ND: 
55 not determined. Asterisks indicate commercially available tetracyclines. 
Figure 9 and 10. Structures of the tetracyclines. 

Figure 3. Determination of the inhibition factor. A standard preparation of gelatinase B from human neutrophils was 
spectrophotometrically titrated in the microtiter plate assay by digesting biotinylated gelatin. Addition of anhydrochlo- 
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rtetracycline (3.33 mg/ml to 0.09 mg/ml shifted the titration curves in a parallel way and enabled to determine the inhib- 
itory factor (IF). 

Figure 4. Inhibition of gelatinase B by minocycline on zymography. A standard preparation of gelatinase B from 
neutrophils was repetitiously loaded in the slots of a zymography gelatin substrate gel. After electrophoretic separation 
5 the gel was sliced every three lanes and the slices were incubated in test tubes in de\/eloping buffer without and with 
increasing amounts of gelatinase 8 inhibitor. The enzyme activity was developed by staining of the substrate with 
Coomassie blue and quantification of the substrate digestion by scanning densitometry. Percent inhibition is related to 
a control to which no minocycline was added. The 92 kDa neutrophil gelatinase is indicated with an arrowhead. 

10 EXAMPLE 4 

Antibodies and natural inhibitors and derivatives as geiatinase B inhibitors 

4.1. Introduction 

IS 

The inhibitory activity of antisera can not be tested using zymography because the antibodies need to diffuse into 
the substrate gel. The same holds true for other macromolecular inhibitors of gelatinases, for instance tissue-inhibitors 
of metalloproteases. The assay deaibed here above, however, makes it possible to define macromolecular inhibitors of 
gelatinases. 

20 Pure gelatinase B (7) was used to raise polyclonal antisera in rabbits and mice. The antisera were tested in the 
microtiterplate assay (as described hereabove) as inhibitor of gelatinase B. By hybrldoma technology, mouse mono- 
clonal antibodies against gelatinase B were generated. At least one of tiiese given tiie name REGA 1. was found to 
inhibit the gelatinase B, and which has since been re-named REQA 3Q12, has been deposited at the Belgian Coordi- 
nated Collection of Micro-organisms - BCCM, Laboratory of Molecular Biology - Plasmid collections (LMPB) at the uni- 

25 versify of Gent, on 10th May 1995 and was given the accession number by the International Depositary Authority of 
LMBP1366CB. 

4.2. Materials and methods 

30 The polyclonal rabbit antibodies (Ab1 and Ab2) raised against purified human Malavu cell gelatinase and neutrophil 
gelatinase respectively were obtained as described (8). The mouse antibodies (At>3) were generated by repeated injec- 
tion of purified neutrophil gelatinase (3) in Balb/c mice and blood sampling. Alkaline-phosphatase-conjugated anti-rab- 
bit and anti-mouse antisera were purchased from DAKO/PROSAN, Glostrup, Denmark. 

35 Western blotting 

Standard neutrophil gelatinase (Iftl) was seperated on a 15% SDS/PAGE gel and transferred to a polyvinyldifluor- 
idon (PVDF) membrane. The membranes were blocked in 3% bovine albumin serum in Tris-buffered saline (TBS) for 
one hour and then incubated overnight in a 1/5000 dilution of tfie primary antisera in TBS. After washing, the mem- 
40 branes were incubated witii an alkaline-phosphatase-conjugated anti-rabbit or anti-mouse antibody (1/2000 dilution), 
depending on the origin of the primary antibody, and stained with nitroblue tetrazolium and Ixomochloroindolylsulphate 
until bands appeared. 

Inhibition of Gelatinase B by specific antisera 

45 

The figures illustrate the reactivity of neutrophil gelatinase B activity witii 3 different polyclonal antibodies (/\b1 , Ab2 
were generated in rabbit (7.8). Ab3 in mouse) directed against malavu cell gelatinase (Ab1) and purified human neu- 
trophil gelatinase (Ab2. Ab3), respectively. 

/Ml three antibodies (dilution 1 :1000) inhibit the activity of the standard gelatinase B solution (diluted 9 times or 
50 more) (Fig. 1 1). At a gelatinase B dilution of 1/27 the inhibition factors were 9. 22, and 27 for Abl , Ab2 and Ab3 respec- 
tively. 

Figure 12 demonstrates the reactivity ofthe tiiree antisera to tiie standard neutrophil gelatinase B preparation in a 
Western blot. Preimmune sera from rabbit and mouse did not react with gelatinase in the western blot and were not 
inhibitory at a dilution of 1 :1000. whereas Abl , Ab2 and Ab3 clearly reacted specifically with the antigen. 

55 

4.3. Figure legend 

1 1 ) Inhibition of standard gelatinase B acitivity by specific antisera generated against human matavu-cell gelatinase 
(abl) or human neutrophil gelatinase (ab2, at>3) in rabbit (abl , al32) or mouse (ab3). 
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12) Reactivity of the antisera ab1 (A), ab2 (B) and abS (C) with the standard gelatinase B preparation in a western 
blot. St, molecular weight standard. 

EXAMPLE 5 

5 

Use of D-Pen alone or In combination with tetracyclines fdr the treatment of demyellnating (neurological) dis- 
eases 

5.1. Introduction 

10 

Gelatinase B, a marker enzyme for demyelination In multiple sclerosis (MS), was dose-dependently inhibited by D- 
penicillamine. The inventors describe the discovery that at therapeutic doses of D-penicillamine. this inhibition was 
extended to complete blockage of hyperacute experimental allergic encephalomyelitis (EAE) in mice, an animal model 
of acute demyelination. In a chronic relapsing model of EAE in Biozzi mice, D-penicillamine abrogated the exacerba- 
IS tions. 

Gelatinase B is further controlled by specific inhibitors, the tissue inhibitors of metalloproteases. The latter are tran- 
scriptionally regulated by cytokines such as TGF-p (13). The relative contribution of various cytokines, including chem- 
okines. in tiie balance of tiie protease load and tiie extracellular processing of structural proteins such as myelin basic 
proteins have recently been proposed as the REGA-model (remnant epitope generates autoimmunity) to explain the 

20 biochemical basis and tiie early events in CNS demyelination (14). Cytokine-regulated extracellular proteolysis gener- 
ates peptides from intact proteins which are at the origin of the autoimmune process. 

The inventors demonstrate that inhibition of the extracellular protease-cascade is an effective and alternative strat- 
egy for MS treatment in addition to cytokine blockage or various T-cell depletion or anergizing methods such as T-cell 
vaccination (15), T-cell depletion by anti CD4 or energy (16) or oral tolerance (17) or synthetic peptides or peptidomi- 

25 metics (18). 

5.2. Experiments 

In vitro inhibition of gelatinase B In tiie CSF of patients witii multiple sclerosis and ootic neuritis 

30 

Gelatinase A and B. detected by zymography in the cerebrospinal fluid of MS patients was inhibited in a dose- 
dependent way with D-penicillamine (Fig. 13). Similar results were obtained when pure preparations of gelatinase B 
were tested or when gelatinase B was measured in the presence of D-penicillamine in body fluids or cell supernatants. 
Although these results suggested a direct effect by D-penidllamine on gelatinase activities, in order to understand the 
35 inhibitory effect it was verified whether D-penicillamine could interfere with gelatinase B production or indirectly affect 
the gelatinase activities in vivo. 

Discovery of the mechanism of action of D-penidllamine as gelatinase B inhibitor 

40 The spontaneous and the induced levels of gelatinase B protein and mRNA remained constant (Fig. 14). instead, 
it was found that DiDenicillamine inhibited both urokinase (u-PA) and tissue-type plasminogen activator (t-PA), two 
enzymes involved in the protease cascade leading to gelatinase activation. D-penidllamine also had direct chelating 
effect on the catalytic zinc and the conformational calcium ions. The IDsq for homogeneous u-PA, t-PA and gelatinase 
B were 14. 18 and 3mg/l. respectively. 

45 

PiscQvery of the in viyq beneficial effects of p-penidiiamine In demyeiinating diseases 

In view of these findings we tested the effects of D-penicillamine on the clinical outcome of EAE in mice (Acute EAE 
was induced in groups of 5-10 SJL mice (7.5weeks old) by injection of 0.75mg spinal cord homogenate from NMRI mice 

50 in 50^1 PBS to which 0.2mg M. tuberculosis was added in SOp^l complete Freunds adjuvans. In both hind paws 50|il of 
this emulsion was injected on day 0. On day 0 and 2, SOf^l B.pertussis (200x10^ bacteria/ml) were injected intravene* 
ously Treatment was done by Injection on day 0, 2, 5, 7, 9, 12, 14, 16 and 19 of lOOjil D-penicillamine solution intra- 
peritoneally. The control group received injections with 0.9% NaCI, used as exdpiens. The animals were daily 
monitored and the disease and mortality were scored.). Figure 15 shows that D-penicillamine, when administered dur- 

55 ing the onset of symptoms, inhibits in a dose-dependent way the development of disease symptoms in mice develop- 
ping EAE. When given the time-point when the mice started to develop clinical symptoms the treatment proved still to 
be effective. In a model of chronic relapsing EAE in Biozzi AB/H mice (Chronic EAE was developped in Biozzi mice by 
injection of myelin. Th animals in this group were only f eated after tiiey all developped disease. The scores were daily 
monitored.), D-penicillamine abrogated tiie disease recurrencies (fig. 16) even when administered after tiie animals had 



15 



BNSDOCID: <EP 0736302A2 I > 



EP0736302A2 

developed full-blown disease. This is of particular interest in the treatment of the recurrencies in MS, in which disease 
so far no eff icaceous treatment of the autoimmune process has been found. 

5.3. Summary 

5 

Protease antagonization has since long been proposed as a treament strategy for demyelinating diseases, includ- 
ing MS (34), but the proteases involved were not well characterized. Based on the inventors' earlier search of such pro- 
teases and in particular the studies with gelatinase B, the inventors show that targetted protease inhibition with 
available peroral drugs limits the demyelinating disease. The inventors show that the treatment with D-penicillamine not 

10 exclusively results in gelatinase B-inhibition. D-penicillamine also inhibits the plasminogen activators urokinase and tis- 
sue-type plasminogen activator which act in the protease cascade leading to gelatinase B activation. It may also Inter- 
fere with membrane-associated metalloproteases involved in cytokine activation or myelin degradation (35). We here 
provide data which incite clinical trials of gelatinase B-inhibition lor the treatment of MS and other demyelinating dis- 
eases and advocate that In double blind clinical trials of novel MS-treatments the placebo control be replaced by e.g. D- 

15 penicillamine, a drug with known effects and side-effects in humans. 

Previous studies of tiie plasminogen (activator) inhibitors in MS had mixed results depending on the clinicar status 
(34). Gelatinase B was not observed in all patients with MS or other inflammatory neurological diseases, but it can eas- 
ily be detected by SDS zymography. Therefore, in clinical trials with D-penicillamine, a directed evaluation is now pos- 
sible depending on the determination of the CSF gelatinase B status. 

20 The mechanism of action of D-penicillamine has been deciphered and is multiple. First, it directly inhibits gelatinase 
B possibly by chelating the conformational calcium ions or the Zn atom of this metallo-enzyme. Second, at the ID50 for 
gelatinase B it also inhibits t-PA and u-PA and thus indirectiy prevents the activation of progelatinase B to gelatinase B. 
Third, metallo-enzyme chelating inhibitors might block the TNF-a processing protease and tiius block TNF-a action in 
transcriptionally activating the gelatinase B gene (36). Because TNF-a seems to be a disease promoting cytokine In MS 

25 and EAE (14) inhibition of this cytokine belongs to the MS treatment strategies. 

EAE as - model for MS has to be used with caution (14). The cells involved in these pathologies and the clinical 
outcome differ considerably. Indeed, in contrast to MS, EAE is most often a monophasic disease with a predictable out- 
come. In view of the fact that the relapse in MS is unpredictable this implies that a chronic treatment (with monitoring of 
side effects) with D-penicillamine would have to be instated to block the MS relapses. Our results with the relapsing 

30 model In Biozzi mice are particularly important, because we provide evidence that the symptoms of demyelination can 
be curtailed and the disease can be reduced by starting the treatment only after the disease has clinically developed. 
Such evidence is most relevant in an analogous treatment of MS. 

Finally, gelatinase B and other metalloproteases can efficientiy be inhibited by TIMPs and this might be one of the 
rationales behind the effect of TGF-p in animal models for MS. TIMP and cytokine therapies for MS (e.g. IFN-p) or 

35 cytokine antagonization with natural or engineered proteins have, however, the inti^insic disadvantage of the need for 
parenteral administration. 

In conclusion, the inventors provide evidence that D-peniclllamine or derivatives and combinations with other gela- 
tinase B inhibitors (e.g. tetracyclines and derivatives, inhibitory polyclonal and monoclonal antibodies and derivatives 
thereof) are effective in MS treatment and disclose their mode of action. Because some of these are clinically familiar 
40 drugs, they are a MS therapeutics and attractive references to be compared with the expensive molecular drugs under 
current investigation. 

5.4. Legend to Figures 

45 Figure 13. Inhibrtion of gelatinases in the CSF of patients with multiple sclerosis or optic neuritis. Gelatinase A (— 
) and B(_) activities in the CSF were measured by zymography in the absence or the presence of increasing concen- 
trations of D-peniciliamine. The scanning indices for each patient are calculated at the residual activity in the presence 
of inhibitor versus the activity without inhibitor. The scanning index is expressed as the mean (+/-) SEM. n=5) for 
patients with definitive MS and ON. 

50 Figure 14. D-penicillamine does not inhibit cellular gelatinase B and mRNA production. Cultures of the human 
monocytic cell line THP-1 were stimulated with lipopolysaccharide (LPS, 1|xg/hil), retinoic acid (RA, lOOnM) or left 
untreated (CO) in the presence or absence of D-penicillamine (DPEN, 50 fig/ml). After 16 h total RNA was extracted 
and gelatinase B mRNA was measured by northern blot analysis witii a human probe (41) (a). Gelatinase B protein in 
the cell culture fluids was assayed by zymographic analysis on gelatin substrate gels (b). 

55 Figure 15. D-penicillamine inhibits acute EAE in mice. 

Groups of 5 SJL mice were injected with spinal cord homogenate to induce hyperacute EAE. The mean disability index 
of 5 mice was scored versus days after Immunization. Control mice received 0.9% NaCI i.p. and were compared with 
groups which were treated with the equivalent of 27 to 375 \iQ D-penidllamine per moise daily. 
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Figure 16. D-penicillamine inhibits chronic EAE in mice. 
Groups of 8 Biozzi AB/H mice were injected with spinal cord homogenate to induce chronic relapsing EAE. After the 
first episode of encephalitis (from day 22 onwards) the treatment with D-penicillamine was initiated at 750 jog. three 
times weekly, and the mean clinical score (average of disease grade for each group of mice +A standard error) was 
5 expressed versus time post immunization. 

EXAMPLE 6 

Use of gelatinase inhibitors (e.g. D-peniclilamine alone or in combination with tetracyciines) for the treatment 
10 f invasive cancers. 

The gelatinases and plasminogen activators u-PA and t-PA have been implicated in invasion and metastasis of can- 
cer cells. The inventors have discovered that the single agent, D-penicillamine, can inhibit all these enzymes. This is 
achieved at the therapeutical dosis currently used in the chronic treatment of rheumatoid arthritis. 
IS In addition and because gelatinase B is the terminal enzyme in the cascade leading to matrix degradation (com- 
prising plasminogen activators, plasminogen, collagenase, stromelysin and gelatinases). inhibition of gelatinase by 
more specific inhibitors (e.g. tissue inhibitors and the herementioned polyclonal and monoclonal antibodies) is a use of 
the reagent (REG 1) and derivatives thereof in treatment of invasive cancers. 
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55 Claims 



1. Protease inhibitors for use in treating tissue destructive diseases such as arthritis, multiple sclerosis, and optic 
neuritis. 
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2. Protease inhibitors for use in treating cancer. 

3. Protease inlitbitors according to claims 1 or 2, wlierein the protease inhibitors are metailoprotease inhibitors. 

5 4. Protease inhibitors according to claim 3. wherein the metailoprotease inhibitors comprise tetracycline deriva- 

tives. 

5. Protease inhibitors according to claim 4 wherein the tetracycline derivatives are selected from the group consist- 
ing essentially of : metacycline HCI, minocycline HQ, 4-epiminocycline HCI, 6-deoxy-6-demethyltetracycline HCI. 

10 

6. Protease inhibitors according to claim 3. wherein the metailoprotease inhibitors are macromolecular compounds 
such as sera, antibodies, fragments and modified versions thereof which are directed against proteases. 

7. Protease inhibitors according to any one of the preceding claims, characterized in that the inhibitors are mon- 
15 ocional antibodies or fragments thereof, directed against human gelatinase B from neutrophilic cells, obtainable by 

immunization of mice with human gelatinase B from neutrophilic cells, fusion of their spleen cells with a myeloma 
cell line, expansion of the resulting culture and selection of individual clones. 

8. Protease inhibitors according to daim 7, selected from the group consisting essentially of tiie antibodies ab1 , 
20 ab2 and ab3. 

9. Protease inhibitors according to any previous claim, wherein the proteases to be inhibited belong to the group 
consisting essentially of gelatinases, plasminogen activators and processing proteases. 

25 10. Protease inhibitors according to claim 9, wherein the gelatinase to be inhibited is gelatinase 6. 

11. Protease inhibitors according to claim 9, wherein the plasminogen activator to be inhibited is urokinase and/or 
tissue plasminogen activator. 

30 12. Protease inhibitor according to claim 9. wherein the processing proteases to be inhibited comprise TNF-a 
processing protease. 

13. Medicament for treating tissue destructive diseases such as multiple sclerosis, artiiritis and optic neuritis com- 
prising at least one of the members selected from the group consisting essentially of D-penicillamine, tetracycline 

35 and at least one of the protease Inhibitors as claimed in claims 3 - 8. 

14. Medicament for treating cancer based on at least one of the members selected from tiie group consisting 
essentially of D-penictllamine, tetracycline and at least one of the protease inhibitors as claimed in claims 3 - 8. 

40 15. Tetracycline derivatives selected from the group consisting essentially of: metacycline HCI, minocycline HCI, 4- 
epiminocycline HCI, 6<leoxy-6<lemetiiyltetracycline HCI. 

16. Tetracycline derivatives according to claim 15 for use in inhibiting proteases according to claims 9-12. 

45 17. Polyclonal and monoclonal antibodies and derivatives selected from the group consisting essentially of abl, 
ab2, at33 and REGA 1 for use in treating tissue destructive diseases such as multiple sclerosis, arthritis and optic 
neuritis. 

18. Polyclonal and monoclonal antibodies and derivatives selected from the group consisting essentially of ab1, 
50 ab2, ab3, REGA 1 and others for use in Seating cancer. 

19. Use of at least one of the members selected from tiie group consisting essentially of D-penicillamine and tetra- 
cycline for the preparation of a medicament for treating tissue destructive diseases such as multiple sclerosis, 
artiiritis and optic neuritis. 

55 

20. Use of at least one of the members selected from the group consisting essentially of tetracycline HCI, 4-epitet- 
racydine HCI. anhydrotetracycline HCI, 4-epianhydrotetracycline HCI. oxytetracydine base, 4-epioxytetracyline 
base, a-apooxytetracydine base, p-apooxytetracycline base, chtortetracycline HCI. 4-epichlortetracycline HCI, iso- 
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chlortetracycline HCI, anhydrochlortetracycline HCI, 4-epianhydrochlortetracycline HCI, DiDenicillamine and tetra- 
cycline for the preparation of a medicament for treating cancer. 

21. Use of anyone of chlortetracycline. metacydine HCI and 4-epioxytetracydine base, for the preparation of a 
medicament for treating tissue destructive disease or cancer. 

22. Use of D-peniciilamine as a protease inhibitor. 

23. Use of tetracycline as a protease inhibitor. 

24. Use of the antibodies abl, ab2, ab3 and the inhibitory monoclonal antibody REGA 1 as protease inhibitors. 

25. Use of at least two of the protease inhibitors according to claims 22 - 24 in combination as protease inhibitors. 

26. DNA Construct for the expression of full-size mouse reconrtbinant gelatinase B comprising a transcription initi- 
ation region, at least a part of the DNA-sequence according to figure A and a termination region aligned in the 
proper reading frame. 

28. Process for measuring proteases and/or protease inhibitors comprising the following steps: 

a) digestion of at least one predetermined substrate by the protease followed by 

b) quantification of the residual non digested substrate. 
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